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RESEARCH AND IMPLEMENTATION OF DSP-BASED

SOLID-STATE PULSE MODULATOR CONTROL SYSTEM

ABSTRACT

Pulse modulators, as a commonly used pulse power technology in the
field, have applications covering many areas such as military, civilian,
industrial, medical, and scientific research. In military applications, they
are used for nuclear explosion simulation, high-power laser weapons,
electromagnetic pulses; in civilian applications for medical linear
accelerators, industrial irradiation, electrostatic dust removal. With
continuous research and development leading to an increasingly wide
range of applications and growing commercial value generated from these
technologies it has very good prospects for application. As the scope of
application continues to expand market demand is also increasing with
requirements for high precision in physical experiments and control over
high power laser weapons and precise dosages of radiation.

Traditional linear pulse modulators, employing electron tubes as
modulation switches, simulation lines for modulation transformation, and
LC resonant converters for charging circuits, suffer from poor output
waveforms, inadequate load adaptability, high losses, and large volumes,

making it increasingly challenging to meet current market demands. The
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emergence of all-solid-state pulse modulators effectively addresses these
drawbacks. With the continuous development of semiconductor and
microcontroller technologies, high efficiency, high power, high precision,
and long lifespan all-solid-state pulse modulators have become the primary
research direction. Furthermore, traditional pulse modulator control
systems mainly utilize PLCs (Programmable Logic Controllers). However,
due to the insufficient hardware resources of PLCs, they cannot achieve
higher-speed data processing and accommodate more interfaces. Moreover,
PLCs are bulky and lack versatility, making it difficult to fulfill the current
market requirements for intelligent, modular, and miniaturized pulse
modulator control systems.

This paper proposes a DSP-based 8kW all-solid-state pulse modulator
system to address these issues. The main research contents include:

(1) Designing the overall technical scheme of the all solid state pulse
modulator system and providing design schemes for main subsystems
based on the technical parameters required by the market and the working
characteristics of the load.

(2) Developing a control strategy for the full-bridge LLC resonant
converter based on fuzzy PI hybrid control to address issues such as low
efficiency and narrow gain range under wide input voltage conditions in
the charging power supply. By analyzing the gain curve of the full-bridge

LLC resonant converter, the resonant frequency point is selected as the
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switching point, adopting a traditional frequency-shift hybrid control
method suitable for wide input voltage operating environments.
Additionally, fuzzy control is employed on top of traditional hybrid control
to reduce complex modeling processes and improve system dynamic
response and adaptive capability.

(3) Designing the hardware and software of the modulator system,
including hardware circuit design and program design for the core board
using domestically produced DSP as the main control chip, as well as
driver boards, charging power supplies, and discharge circuits. Modbus
RTU communication protocol is utilized, and a window-based upper
computer interface 1s developed using C# language to realize
communication with DSP.

(4) Completing controller testing, pre-assembly testing, and practical
testing of functional prototypes, obtaining critical experimental data and
operation waveforms. Finally, through analysis of experimental results, the

feasibility of the proposed system's technical scheme 1s demonstrated.

KEY WORDS: Solid-state pulse adjustment, Full bridge LLC

resonant converter, Blurred PI hybrid control, DSP, Upper machine
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